Introduction
============

Humans have made great efforts in identification and control of adverse effects of natural disasters in recent years and achieved partial success in this regard ([@B1],[@B2]). Owing to these successes, today, the adverse effects of earthquakes, floods, volcanoes, and other disasters have become less frequent when compared with the past. One notable success was the prevention and decrease in the level of adverse effects of such phenomena on human health ([@B3]--[@B5]). Among different types of disasters lakes drying and more specifically that of salt lakes is a case to which fewer interventions happened and we have trivial related information about it ([@B6]).

Of the most important effects of lakes, drying is the emergence and increasing prevalence of diseases that brings unwanted experiences to humans ([@B7], [@B8]). Prevalence of diseases in neighboring regions of Aral Lake is the epitome of the discussed subject matter. Studying the global experiences like Aral Lake shows that farmers used herbicide, insecticides, and chemical fertilizers to fertilize their lands, and on the other hand agricultural sewage has entered the lake and its sedimentation made the produced particles and dust to be polluted. Of prevalent diseases are tuberculosis, respiratory diseases, asthma, eye diseases, pharynx and larynx diseases, kidney and liver diseases, cancers, typhoid, hepatitis, brucellosis, diseases caused by deficiencies in minerals and vitamins, diarrhea, infectious diseases, giving birth to deformed infants, arthritis, impaired endocrine function, neurological and behavioral changes, immune system diseases, mental retardation, and delayed puberty increased by lakes drying ([@B9]--[@B15]). Raised dusts from the basin of Lake Owens in California, the US, contained elements like sodium sulfate, sulfur, arsenic, chrome, cobalt, nickel, lead and etc. and caused allergy and respiratory diseases, asthma, sinus infection, headache, ear infection, bronchitis, eye pain, sore throat, coughing, fatigue, lung cancer and cardiovascular diseases ([@B16],[@B17]).

Our earth has experienced drying of many of its lakes. Among them are Lake Urmia in Iran, Aral Lake in central Asia region, Salton Lake in California, Lake Owens in California, and Great Salt Lake in Utah State; the US. Yet, there is no clear cut and strong evidence about the effect of lakes drying on human health. Therefore, establishing well-designed studies with high level of credibility in their methodology would be helpful. For this reason, we need to review the existing literature and experiences of other countries.

Thus, the present study was conducted to provide a systematic review of what has been investigated about the effects of lakes drying on human health.

Methods
=======

This systematic review was conducted in 2017 according to review approach is taken from the book titled "Systematic Reviews to Support Evidence-Based medicine" ([@B18]).

Search strategy
---------------

Data were gathered by searching the Cochrane Library, Google Scholar, Scopus, PubMed, Web of Knowledge, and Science Direct databases up to December 2017. To identify and cover more articles, hand search of some credible key journals also performed. After excluding irrelevant articles, the references list of the included articles searched to increase the credibility. To search the grey literature we looked at European Association for Grey Literature Exploitation (EAGLE) and Health Care Management Consortium (HMIC).

Inclusion and exclusion criteria
--------------------------------

Inclusion criterion was: those papers that somehow pointed to lake drying and its effects on health. The papers or other sources that discussed drying of other kinds of water supplies including rivers, lagoons, and ponds were excluded from the study. Moreover, articles in languages other than Persian and English were excluded (except for some papers with English abstracts having useful data). Moreover, did not include those articles dealing with only how to face the effects of lakes drying and no possible correlation with health was assessed. Moreover, those articles not resulting from research projects (merely a personal expression of subject matter or still a hypothesis) were excluded.

Quality assessment
------------------

Two assessors independently assessed the reporting quality of articles by STROBE (Strengthening the Reporting of Studies in Epidemiology Observational) checklist. This checklist was used because it was merely used to evaluate observational studies and was credible and its Persian translation was available ([@B19]). The checklist acquired 22 items in abstract, introduction, method, results and discussion sections ([@B20], [@B21]). Controversies between assessors were referred to a third researcher. Articles that did not report more than 50% of items in the checklist were excluded.

Data extraction
---------------

To extract data we firstly designed data extraction form in Microsoft Word. Data from 3 articles were extracted as pilot and then the form revised. The extracted data included: first author, year of publication, country, name of the lake, study design, sample size, participants, health problem and summary of main findings.

Data Analysis
-------------

Both data analysis and reporting were done manually. Content- Analysis was used for categorizing the results. It is a method for analysis of qualitative information extracted from articles. The process of content-analysis included: reaching information, creating initial themes, categorizing the themes, obtaining consensus on the accuracy of categorization.

Results
=======

From 876 records we excluded 235 due to duplication. We also excluded 590 abstracts and titles and 29 full texts and finally selected 22 articles ([Fig. 1](#F1){ref-type="fig"}).
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Characteristics of the included studies are summarized in [Table 1](#T1){ref-type="table"}. The studies were done in Uzbekistan (11 studies), Kazakhstan (9 studies), The United States (1 study), and Canada (1 study). Twenty studies were about Aral Lake, and 2 others were for Great Salt Lake and Old Wives Lake, respectively in The United States and Canada. Almost all studies were cross-sectional and case-control. Children compromised the participants of 8 studies.

###### 

Characteristics of articles that studied the effects of lakes drying on human health

  **Author, Year**                        **Country**   **Lake**          **Study design**   **Sample size & Participants**                     **Health problems**                                        **Conclusion**
  --------------------------------------- ------------- ----------------- ------------------ -------------------------------------------------- ---------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------
  Hashizume M, et al: 2004 ([@B22])       Kazakhstan    Aral              Cross-sectional    97 students                                        Anemia                                                     Iron absorption problems causing anemia
  Hashizume M, et al: 2003 ([@B23] )      Kazakhstan    Aral              Cross-sectional    468 students                                       Anemia                                                     Iron deficiency was one main reason for anemia in the region
  Mamyrbayev A, et al: 2016 ([@B13] )     Kazakhstan    Aral              case-control       All kinds of childhood cancers from 2004 to 2011   Childhood Cancers                                          The rate of childhood cancers in Aral lake region was higher than control group but not different with national statistics
  Bilyalova Z, et al: 2012 ([@B24] )      Kazakhstan    Aral              Cross-sectional    All breast cancers from 1999 to 2009               Breast cancer                                              Pollutions in Aral Lake can increase the number of breast cancers
  Mamyrbayev A, et al: 2016 ([@B25] )     Kazakhstan    Aral              case-control       All cancers from 2003 to 2014                      All Cancers                                                Increase in cancers around Aral Lake can be due to Nickel and Cadmium (R= 0.8)
  Herbst S, et al: 2008 ([@B10] )         Uzbekistan    Aral              Cross-sectional    1282 citizens                                      Diarrhea                                                   Unhealthy life situations, unhealthy water, domestic domains and other health issues were the main causes of diarrhea
  Herbst S, et al: 2003 ([@B26])          Uzbekistan    Aral              Cross-sectional    2239 samples of drinking water                     diarrhea                                                   Diarrhea was decreased despite many existing problems in quality of drinking water in rural areas
  Kaneko K, et al: 2002 ([@B27])          Uzbekistan    Aral              Cross-sectional    205 children                                       Kidney and urological diseases (hypercalciuria)            The prevalence of hypercalciuria around Aral lake was too high when compared with controls
  Riabinskii VS, et al: 1993 ([@B28])     Uzbekistan    Aral              case-control       178 patients                                       Kidney and urological diseases                             By getting closer to the lake the prevalence of kidney diseases increased
  Kaneko K, et al: 2003([@B29])           Uzbekistan    Aral              case-control       205 children                                       Kidney and urological diseases                             The prevalence of kidney diseases around Aral lake was too high when compared with controls
  Arustamov D, et al: 2001 ([@B30] )      Uzbekistan    Aral              case-control       1817 rural people                                  Kidney and urological diseases                             The prevalence of kidney diseases around Aral Lake was too high probably due to environmental and water pollutions
  Love GJ, et al: 1982 ([@B31] )          USA           Great Salt Lake   case-control       250 families                                       Respiratory problems                                       There was no linkage between Great Salt Lake drying and respiratory problems
  Gomez SR, et al: 1992 ([@B32] )         Canada        Old Wives Lake    case-control       300 participants                                   Respiratory problems                                       In regions affected by lake drying, winds contained alkaline soil causing respiratory problems
  Kunii O, et al: 2003 ([@B33] )          Uzbekistan    Aral              case-control       337 children                                       Respiratory problems                                       Respiratory problems in children around Aral Lake was more frequent than other regions
  Bennion P, et al: 2007 ([@B34] )        Uzbekistan    Aral              Cross-sectional    1499 children                                      Respiratory problems                                       Major respiratory problems including asthma had no significant relationship with exposure to Lake soil
  Kislitskaya VN, et al: 2015 ([@B35] )   Kazakhstan    Aral              Cross-sectional    \-                                                 Reproduction problems                                      Aral Lake pollution can have adverse effects on reproduction system
  Turdybekova YG, et al: 2015 ([@B36] )   Kazakhstan    Aral              Cross-sectional    1406 women                                         Reproduction problems                                      Aral Lake pollution can have adverse effects on women's reproduction system including menstrual and menopausal disorders
  Kislitskaya VN, et al: 2014 ([@B37] )   Kazakhstan    Aral              Cross-sectional    251 men                                            Reproduction problems                                      Aral Lake pollution can have adverse effects on reproduction system
  Kultanov BZ, et al: 2016 ([@B12] )      Kazakhstan    Aral              Cross-sectional    1010 men                                           Reproduction problems                                      Aral Lake pollution can have adverse effects on reproduction system
  Mazhitova Z, et al: 1998 ([@B38])       Uzbekistan    Aral              Cross-sectional    12 hospitalized children                           Other problems (growth and thyroid problems)               No relation was observed between chlorine resources and growth and thyroid problems
  Crighton EJ, et al: 2003 ([@B39] )      Uzbekistan    Aral              Cross-sectional    1118 participants aged above 18 years old          Other problems (psychological problems)                    Environmental problems caused by Aral Lake drying can have psychological problems in addition to physical effects
  Crighton EJ, et al: 2003 ([@B40] )      Uzbekistan    Aral              Cross-sectional    881 participants aged above 18 years old           Other problems (self-assessment of whole health profile)   Residents around Aral Lake believed that they were not well in general

Out of 22 included articles, 17 studies in their conclusion pointed out that lake drying has adverse effects on human health. While 5 others were not able to demonstrate a relationship between human health and lakes drying.

According to the effects of lakes drying, we classified the studies into 7 categories ([Fig. 2](#F2){ref-type="fig"}). Having 4 studies for each category, the respiratory problem, reproductive system problems, kidney, and urological diseases ranked the highest.
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Anemia
------

Two articles were about anemia. Both were about Aral Lake drying in Kazakhstan. In a study, students' blood were examine to measure HGB level and nutritional information were survey using 24-h nutritional reminder. Results showed iron level in consumed food was adequate (6.9% to 7.2%) while its absorption was below the normal level (3.1% to 4.4%). Blood samples of 46 students were taken and about 49% of students had anemia and 22% had iron deficiency. Moreover, 34% of students with iron deficiency had anemia ([@B22], [@B23]).

Cancers
-------

Three articles were related to cancers. All childhood cancers investigated and results show mortality rate around Aral Lake was higher than Kazalinsk (the control) ([@B13]). Mortalities of childhood cancers were about 1.3--2.7 per 100000 people. The most prevalent cancers were leukemia, skin cancer, gastrointestinal cancers and brain, and central nervous system cancers.

In a study on all breast cancers, the results showed a growth rate of breast cancers around Aral Lake ([@B24]). Mamyrbayev A and colleagues findings showed more prevalence of almost all types of cancers in studied areas including esophageal, gastric, lung, liver and breast cancers. Mortality rate of cancers in long term period around Lake Aral was 1.5 times higher than in other areas ([@B25]).

Diarrhea
--------

We found two articles about diarrhea. In 12-wk follow-up period in summer (96432 d/person) and in a 4-week follow-up in winter (32816 d/person) there were 593 cases of diarrhea in 313 participants out of 1148 total participants. Overall, 139 (44%) had two or more experiences ([@B10]). The average time of diarrhea for women in summer was 2.7 d and 2.9 for men. Children under 2 years old were more exposed to diarrhea. In a study, despite unhealthy water, the emergence rate of Diarrhea in 1999--2001 declined and insufficient reports were the main reason behind that ([@B26]).

Kidney and Urological diseases
------------------------------

Four articles were about kidney diseases. Urine samples were taken to extract Sodium per creatinine, (uNA/Cr) and calcium per creatinine (uCa/Cr). Both items were higher in urine samples of children of Aral Lake. Calcium level higher than 0.703 was seen among 79 (38.6%) out of 205 participants, while it was seen only in 24 participants out of 187 (12.8) in control ([@B27]). Besides, organic acids and trace elements were measured in blood and urine samples of 178 kidney patients using chromato-mass spectrometry, absorption plasma spectrophotometry and ion-exchange chromatography. The number of lithogenic elements in urine and blood samples was categorized according to geographical location/distance from Aral Lake (including safe or far region, semi-safe or relatively near to the Lake and danger zone or close to the Lake). Then dangerous identified items according to the mentioned categorization. High or average level of danger was 26% in safe zone and was respectively 28.5% and 42.5% in semi-safe and danger zones ([@B28]). Kaneko and colleagues study results show both NAG and BMG were higher in Aral children when compared with the control (NAG: 0.77 (0.58) and 0.62 (0.37) U/mmol Cr; BMG: 41.8 (54.8) and 22.5 (20.4) mg/mmol Cr, respectively; mean (SD), p, 0.01). Children with abnormal NAG in Aral lake group were higher in percentage when compared with the control group (7.9% vs2.6%) ([@B29]). In Arustamov and colleagues (2001) study the prevalence rate of kidney and urological problems was estimated to be 0.7% ([@B30]).

Respiratory problems
--------------------

We found four articles on this issue. Love and colleagues examined the relation between sulfur dioxide air pollution with respiratory problems and showed that there was no linkage between pollution caused by Great Salt Lake drying and respiratory problems ([@B31]). Gomez and colleagues in Canada investigated the effect of winds containing alkaline soil on respiratory problems. The number of coughs, chest wheeze, chronic coughs; chronic chest wheeze, chronic eye problems and chronic nasal problems were higher in those exposed to alkaline winds ([@B32]). Another study about the adverse effects of Aral Lake drying on the respiratory showed that the prevalence of coughing and chronic chest wheezing was higher in the first group. The predicted Forced Vital Capacity (FVC %) was lower among in the first group (96.6% vs. 100.5%). Moreover, the predicted prevalence of lung diseases was higher in the first group (10.6% vs. 2.6%) ([@B33]). Chest wheezing was predicted to be 4.2%. No meaningful difference was seen between the amount of dust and respiratory problems. However, in summer there was a meaningful relationship between the amount of dust and predicted forced expiratory volume in 1s ([@B34]).

Reproductive system problems
----------------------------

We found 4 articles in this regard. In a study the researchers calculated activity of adenosine deaminase (ADA) and activity of catalase (CAT) indexes by sampling the sperm of those men exposed to Aral Lake drying pollution at least for 5 years. ADA and CAT indexes were changed due to increase in oxidative stress and development of the pathological processes ([@B35]). About 39% of the participants had delayed/irregular periods. Menopause age was found to be decreased. About one-third of studied women had inflammation in their sexual organ. About 25% had experience of intra-abdominal embryo death or unsuccessful first pregnancy ([@B36]). In the age range of 40--45 there was an increase in MDA (malondialdehyde) level. Also with the increase in age, there was an increase in MMP (medium-molecular peptides) weight in men's sperm.

There was also a change in lipid peroxidation process of their sperm ([@B37]). Moreover, 21% to 42% of total 1010 participants had transparent sperm (indicating low sperm count). Most of the participants had low sperm count in 1 ml of their sperm (\<70 million). ASF (Acid-Souble Fractions) of these men was higher than the other parts residents ([@B12]).

Other issues
------------

This section deals with the studies not placed under the former categories. In a study with the aim of investigating the effect of chlorine pollutions by Aral Lake drying on growth indexes and thyroid function, they gathered the data and characteristics of 12 hospitalized children severely exposed to lake drying. PCBs (Polychlorinated Biphenyls) levels in these children were two to four times higher than the normal and healthy Swedish children. The average height of the exposed children also was lower. BMI of these children had a reverse relationship with the level of PCBs, DDT (Dichlorodiphenyltrichloroethane) and DDE (Dichlorophenyldichloroethylene) of their blood. Thyroxine and TSH level indicated no thyroid malfunction ([@B38]). Crighton and colleagues study with aim of investigating the effect of Aral Lake drying on their mental/psychological conditions show 41% of the participants had major concerns about the effects of Aral Lake drying on mental/psychological wellbeing. Moreover, 48% attributed their physical problems to their mental pressures and stress. The difference between men and women in this regard was indeed meaningful ([@B39]). In another study the authors tried to evaluate the general health profile of people residing around Aral Lake based on their own viewpoints. Utilizing different questionnaires they studied 881 participants health profile. Results showed that more than half of participants (55%) expressed their health condition to be weak or very bad. Only one percent said their health was very well. The main negative affecting factors on people's attitudes toward their health were psychological problems, environmental concerns and age. Having a schema of health condition by a person himself/herself is a very strong predictor of mortalities and morbidities caused by diseases ([@B40]).

Discussion
==========

Finally, 22 articles included in the study of which 17 articles stated that lakes drying have adverse effects on human health.

Most studies discussed Aral Lake drying. It was one of the four biggest Lakes all around the world acquiring a total space of 68000 km/m^2^. However, in 1960s the Soviet Union government started to divert Amu Darya and SyrDarya rivers to Qara Qum desert for agricultural purposes. This resulted in the gradual shrinkage of the Lake. It was then divided into two smaller Southern Aral and Northern Aral Lakes in 1987. In 2004 the Lake reached to its 25% of space and its salinity became 5 times higher. The two lakes then went into four smaller lakes in 2007. These four lakes compromised 10% of the main Lake. In 2009 satellite images showed that two of the lakes have been totally dried and the others get much smaller. Ecosystem pollution was the main challenge of this area. Consequent to drying, Aral Lake area inflicted with tremendous amount of pollution that resulted in the outbreak of diseases. Today, Aral Lake drying has been regarded as one of the major global ecosystem disasters ([@B6], [@B40], [@B41]).

Children were more focused by researchers among target groups. The main reason was their vulnerability against adverse effects of lakes drying and natural disaster in general. Children were more accessible by being present at schools and for this probable reason researchers were tended to have more focus on them. Despite such concentration on children, there are not any clear and strong evidence about the adverse effects of lakes drying on children's health. In this respect, anemia, diarrhea and exposure to toxic materials were the main challenges when talking about children's health and its linkage to Aral Lake drying ([@B42]). However, there is no strong evidence to confirm the hypothesis and further comprehensive studies are needed ([@B43]).

In the present review, the majority of studies (17 out of 22) explicitly confirmed the adverse effects of Lake drying on human health. The present study only investigated the direct effects of lakes drying on humans' health. Certainly, further to direct consequences, lakes drying have indirect effects on health. Of these indirect effects, one can mention the economic, psychological and long term indirect effects on human conditions ([@B44]). In the present review also some studies excluded measured the level of chemical and non-chemical substances by lake drying were transferred into human body through wind, water, and agricultural products because they did not assess any relationship between the substances and humans' health ([@B45]--[@B49]). Of course, that is another area for lake drying to affect human health and thus needs to be investigated.

We classified studies based on different effects of lakes drying into 7 categories including respiratory problems, reproductive system disorders, kidney and urological diseases, cancers, anemia, diarrhea and other problems. Despite investigations in each field, it seems there is not yet any firm and clear evidence to either accept or reject the adverse effect of lake drying on human health and some further studies should be carried out. Throughout the present study, some other important problems caused by lake drying have remained neglected that are: eye diseases, cardiovascular diseases, neurological diseases and ENT diseases.

Almost all studies were cross-sectional and case-control. Despite the notable stands of these types of studies in epidemiological issues, they have not enough level of evidence and practicality to demonstrate the causal relationship between risk factor and diseases emergence. None of the mentioned studies did use appropriate statistical indexes such as odds ratio or attributable risk. One of the major epidemiological studies that have high efficiency in demonstrating the causal relation between risk factor and diseases are cohort or prospective studies. Prospective cohort studies are much focused when there is an intention to approach real findings in holistic observation ([@B50]--[@B53]). Therefore, researchers and policymakers should design and undertake well-structured mid-term and long-term cohort studies instead of cross-sectional research with small sample size in limited areas that acquire low level of evidence and efficiency.

The present study in fact faced with some limitations. The most important one was that almost studies only focused on Aral Lake drying. This issue, we think, can affect the generalizability of findings.

Conclusion
==========

Explained by most studies, lakes drying could have adverse effects on humans' health but since they were cross-sectional and retrospective they had low level of evidence and since they were limited to specific geographical location they were not successful to provide us with strong and clear evidence to either accept or reject with high certainty the adverse effects of lake drying on human's health. In order to have firm evidence we suggest that researchers and policymakers should design and undertake well-structured mid-term and long-term cohort studies instead of cross-sectional research with small sample size in limited areas that have low level of evidence and efficiency.
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